FINE spatio-temporal source localization and connectivity analysis were utilized to identify the seizure sources during seizure onset.
h i g h l i g h t s
FINE spatio-temporal source localization and connectivity analysis were utilized to identify the seizure sources during seizure onset.
High-density scalp EEG with 76 electrodes was used in long-term monitoring of epilepsy patients. High-density scalp EEG provides significantly better localization accuracy of seizure onset compared with 32 or fewer electrodes.
a b s t r a c t
Objective: To investigate the usage of a high-density EEG recording system and source imaging technique for localizing seizure activity in patients with medically intractable partial epilepsy. Methods: High-density, 76-channel scalp EEG signals were recorded in 10 patients with partial epilepsy. The patients underwent routine clinical pre-surgical evaluation and all had resective surgery with seizure free outcome. After applying a FINE (first principle vectors) spatio-temporal source localization and DTF (directed transfer function) connectivity analysis approach, ictal sources were imaged. Effects of number of scalp EEG electrodes on the seizure localization were also assessed using 76, 64, 48, 32, and 21 electrodes, respectively. Results: Surgical resections were used to assess the source imaging results. Results from the 76-channel EEG in the 10 patients showed high correlation with the surgically resected brain regions. The localization of seizure onset zone from 76-channel EEG showed improved source detection accuracy compared to other EEG configurations with fewer electrodes. Conclusions: FINE together with DTF was able to localize seizure onset zones of partial epilepsy patients. High-density EEG recording can help achieve improved seizure source imaging. Significance: The present results suggest the promise of high-density EEG and electrical source imaging for noninvasively localizing seizure onset zones. Ó 2011 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
Epilepsy represents a chronic neurological disease that affects roughly 50 million people worldwide. Epilepsy patients are often severely disabled by the unpredictable seizures that the disease manifests (Fisher et al., 2000 (Fisher et al., , 2005 . A panoply of pharmacological agents have been used for treating epilepsy. However, about 30% of patients do not respond effectively to currently available medication (Cascino, 1994) . For those patients who experience frequent seizures and whose lives are greatly impacted, resective surgery that aims to remove epileptogenic foci remains one of the last viable treatment options (Palmini et al., 1991; Siegel et al., 2004; Engel, 2008 ). Yet, a successful surgical outcome can only be achieved if the epileptogenic foci are accurately and completely removed or disconnected. Accordingly, techniques that can accurately aid in localizing epileptogenic foci are of great importance for epilepsy surgery and a successful, seizure-free outcome.
Intracranial EEG has been used for detecting seizures (Ayala et al., 2011) and delineating epileptogenic foci (Wilke et al., 2010) . Intracranial EEG recording from ECoG grid or depth electrodes is also considered as the gold standard for identifying the seizure onset zone (Engel, 1987) . Although intracranial recordings can provide direct neural-electrical measurement from the cortex, they are highly invasive, expensive, and painful for patients (Engel, 1987) . Intracranial EEG also has limited cortical coverage due to 
